e Anaplasma platys is an obligate intracellular rickettsial pathogen that infects platelets of dogs, forming basophilic intracellular morulae. In the present report, cellular inclusions were documented in bone marrow thrombocyte precursors of two young naturally infected dogs, indicating that A. platys can infect megakaryocytes and promegakaryocytes.
D
ue to the presence of unique bone marrow examination abnormalities, two 3-month-old, mixed-breed female (case 1) and male (case 2) dogs were selected from 124 dogs described in previous studies involving canine vector-borne diseases (CVBDs) (1, 2) . Both dogs originated from a kennel located in Putignano (Bari, Apulia, Italy). At the outset of the study, the dogs were vaccinated by two intramuscular injections of DuramuneH DAPPIϩLC (Fort Dodge Animal Health, Italy) against common dog pathogens (canine parvovirus, adenovirus type 2, distemper virus, Leptospira interrogans serovar Canicola, and Leptospira interrogans serovar Icterohaemorrhagiae) and dewormed using a combination of febantel-pyrantel-praziquantel (Drontal plusH; Bayer AG, Germany). At the initial evaluation, each dog had a massive Rhipicephalus sanguineus sensu lato tick infestation and no previous acaricidal treatment. Physical /l, with reference intervals of 5.50 ϫ 10 6 to 8.0 ϫ 10 6 /l; Hb of 7.8 g/dl; Ht of 26.4%) and neutropenia (3,024 neutrophils/l, with reference intervals of 3,500 to 9,300/l); severe thrombocytopenia was recorded in both cases (platelet counts of 30,000 and 23,000/ l, respectively, with reference intervals of 180,000 to 450,000/l). Cytological abnormalities on Giemsa-stained blood smears from both dogs included anisocytosis, hypochromasia, and reduced platelet numbers, containing intraplatelet inclusions indicative of Anaplasma platys (Fig. 1) . Bone marrow cytology findings included a normal myeloid-to-erythroid ratio (M/E) in dog 1 and a reduced M/E with myeloid hypoplasia in dog 2; monocytic hyperplasia and dysplasia (including vacuolized cytoplasm), macrophagic hyperplasia, erythrophagocytosis, and platelet phagocytosis were evident in both animals. At low magnification, megakaryocytic hyperplasia and dysplasia characterized by nuclei disorganization were evident. In particular, 1 to 3 densely basophilic inclusions, similar to those noted in blood platelets, were observed in promegakaryocytes (Fig. 2) , accompanied by emperipolesis. The organisms were morphologically identical to A. platys inclusions in peripheral platelets. PCR confirmation of A. platys infection and the absence of concomitant vector-borne pathogens (i.e., Leishmania infantum, Ehrlichia canis, Hepatozoon canis, Babesia vogeli, and Bartonella spp.) by serological and molecular assays, performed on both blood and bone marrow samples, were previously reported (1, 2).
Anaplasma platys, the causative agent of the infectious canine cyclic thrombocytopenia (ICCT), infects platelets of dogs, forming basophilic intracellular morulae (3, 4) . Recent publications report A. platys infections in a veterinarian and in cats, highlighting the importance of this organism for cats, as well its zoonotic potential (5). This rickettsial pathogen has a wide geographic distribution, including in the Americas, Africa, Asia, the Middle East, southern Europe, and Australia (6, 7, 8) , and is believed to be transmitted by ticks, as A. platys DNA has been amplified from R. sanguineus sensu lato (9, 10); however, the role of this tick species as a competent vector needs to be confirmed (11) . In the canine host, A. platys enters the platelets by endocytosis and replicates by binary fission within a vacuole, resulting in the formation of morulae that are evident in the blood 10 to 14 days after intravenous inoculation, which corresponds with the onset of thrombocyto-penia (3, 12) ; the severity of thrombocytopenia and the percentage of infected platelets are highest during the first infection cycle (13) , and thrombocytopenia is thought to develop as a consequence of direct injury to platelets by replicating organisms (initial infection) and also due to immune-mediated mechanisms (antiplatelet antibodies) in subsequent thrombocytopenic episodes (3, 14) . Dogs infected with different A. platys strains may show minimal clinical disease, although severe disease has been reported, with platelet counts of 20,000/l or less (15) . To the best of our knowledge, A. platys inclusions have been reported only in platelets and have not been previously described in platelet precursors of naturally infected dogs, specifically megakaryocytes and promegakaryocytes (3, 12, 16) . Dense basophilic inclusions were observed in bone marrow platelet precursors of both dogs. The inclusions, located within the cell cytoplasm, were round to oval in shape (1 to 2 m in diameter) and numbered 1 to 3 per cell. Some inclusions were surrounded by a visible membrane, whereas others seemed to be in the cytoplasm of the platelet precursors without a membrane (Fig. 1) . The megakaryocytic organisms appeared morphologically identical to A. platys infecting peripheral platelets. The findings herein reported indicate that A. platys may infect developing platelet precursors in the bone marrow rather than, or in addition to, directly infecting platelets (6, 17, 18) . Therefore, the cellular invasion mechanisms of megakaryocytic precursors with transfer to proplatelets need to be more thoroughly elucidated. Indeed, a similar phenomenon was described with Anaplasma phagocytophilum experimental infection of a human megakaryocytic cell culture line, where platelet progenitors became infected by this pathogen, which is closely related to A. platys; however, the experimental infection described above did not impair proplatelet formation and platelet production (19) . Both A. platys-infected dogs had mild clinical signs, despite hematological abnormalities (i.e., anemia, neutropenia, and severe thrombocytopenia), compatible with a rickettsial infection (20, 21) . Evaluation of blood samples identified a reduced platelet count and a medium to high A. platys rickettsemia (Յ50% of platelets infected), indicating that the cycle of bacteremic infection was occurring during the time of sampling. The cytological findings in the bone marrow of both dogs were consistent with the hematological abnormalities concurrently found in the blood. Anaplasma platys infection induces platelet phagocytosis as a consequence of direct injury or immune-mediated destruction (3); moreover, the increase in circulating monocytes of dog 1 and bone marrow monocyte and macrophage hyperplasia and platelet phagocytosis observed in both dogs may be related to an overwhelming A. platys infection. Thrombocytopenia in both animals was classified as regenerative on the basis of an appropriate bone marrow response, as observed by cytology. Both dogs had severe megakaryocytic hyperplasia; the mean numbers of megakaryocytes and promegakaryocytes were significantly increased, as reported for experimental A. platys and E. canis infections (22) . Dysplasia was also evident and characterized by cytoplasm fragmentation and nuclear abnormalities, including hyperlobulation and disorganized nuclei. Megakaryocytic emperipolesis, the movement of blood cells (erythrocytes, neutrophils, and lymphocytes) within megakaryocytes (23) , was observed in the bone marrow of both dogs. However, to the author's knowledge, this phenomenon has not been previously described in dogs naturally infected by A. platys.
In conclusion, the findings herein reported indicate that A. platys can infect megakaryocytes and promegakaryocytes of the bone marrow of naturally infected dogs also associated with dysmegakaryocytopoiesis. Further studies are required to establish if
